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Abstract

Background: Digital health data and infrastructure facilitate rapid analysis to provide actionable data, thereby fulfilling the
principles of a learning health system. In response to a report from the UK Medicines and Healthcare Products Regulatory
Agency (MHRA), a rapid service evaluation was carried out to identify patterns of modified-release (MR) opioid use after
elective surgery.

Objective: We aimed to describe the prescribing patterns of MR opioids, methods to repurpose existing infrastructure, and the
experience of collaboration between clinical and research teams using shared data pipelines.

Methods: A retrospective case-control study was conducted at a tertiary care organization across multiple hospital sites in
London, United Kingdom. Prescription and administration data for adult patients undergoing elective surgery between March
31, 2019, and June 20, 2025, were extracted from a standardized research data pipeline within 4 weeks of the publication of
the MHRA report. Patients were screened for MR opioid prescriptions in the postoperative period and at hospital discharge.
Counts and proportions of encounters in which MR opioids were administered or prescribed were evaluated across the study
period. Reflections on the application of the infrastructure for this purpose were also documented.

Results: Of 126,882 elective surgeries screened, 102,879 (81.1%) met the eligibility criteria. Over the study period, patients
received a new MR opioid prescription after 7525 (7.3%) of the 102,879 eligible encounters, with 2438 (2.4%) encounters
receiving a new MR opioid prescription at hospital discharge. Postoperative administration of MR opioids and prescribing at
discharge have declined since 2020. As a result of this study, a new context-aware alert system was developed to monitor
and reduce MR opioid prescribing in this surgical cohort. Reflections on the implementation experience demonstrated how
collaboration between clinical and research teams in conjunction with integrated and seamless research pipelines allowed rapid
knowledge generation. Key issues raised were the difficulty of validation between parallel data extraction systems and how the
two different teams compared nonequitable data points and results.

Conclusions: Mature digital and analytical infrastructure within health care institutions can enable swift evaluation of local
practices in the context of national medication safety alerts. This can shorten action response times and improve patient care
but requires close collaboration between clinicians and research teams. Shared infrastructure between teams across the learning
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health system improves data quality and provides easy access to the key users. Further work is needed to understand the
benefits and challenges of infrastructure built for other use cases and the effectiveness of the intervention.
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Introduction

On March 12, 2025, the UK Medicines & Healthcare
Products Regulatory Agency (MHRA) published a public
report recommending the removal of licenses for modified-
release (MR) opioids (morphine and oxycodone in the UK
context) for the treatment of acute postoperative pain [1]. The
report addressed concerns from expert consensus groups (the
Royal College of Anaesthetists, Faculty of Pain Medicine,
Centre for Perioperative Care, Safe Anaesthesia Liaison
Group, and the Medicines Safety Improvement Programme)
regarding the safe use of MR opioids for the management of
acute postsurgical pain [2].

Each year, the NHS performs approximately 1.5 million
elective major surgeries, of which 48% of patients expe-
rience moderate to severe pain within the first 24 hours
[3,4]. Initiation of opioid medications following surgery
is an important pathway to persistent opioid use; 0.2%
of surgical patients develop opioid misuse within 1 year,
and this risk is tripled in patients discharged from hos-
pital with an opioid prescription [5,6]. There is growing
evidence of harm from the use of MR opioids, particularly
regarding the risk of opioid-induced ventilatory impairment
and long-term dependence [7-9]. Additionally, the MHRA
report builds on both the 2020 international multidisciplinary
consensus recommendation, “Long-active opioids should not
be used routinely for acute postoperative pain,” [10] and the
2024 Association of Anaesthetists and British Pain Society
consensus statement [11].

In 2024, the MHRA issued 27 medication alerts and
reports ranging from updated information on side effects
to contextual changes in response to evolving evidence and
guidelines, as well as the removal of licenses for specific
medication indications [1]. Following publication, responsi-
bility for enacting change in response to these alerts is passed
to individual hospitals and primary care providers, who must
ensure that practice changes are implemented to maintain
safe, high-quality patient care [12-14].

Digitally mature institutions can leverage existing
infrastructure to allow rapid evaluation of and response to
medication safety alerts, shortening the lag between MHRA
notifications and implementation of changes in patient care.
This rapid cycle of improvement fulfills the principles of a
learning health system (LHS), addressing priority action area
2 (digital maturity) of the Health Foundation and Health Data
Research UK report [15].

In this study, we aimed to do the following:
* Describe patterns of MR opioid prescribing following
elective surgery
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* Repurpose existing technical, ethical, and governance
infrastructure to rapidly evaluate current MR opioid
prescribing against the proposed licensing change and
plan a digital intervention for reducing inappropriate
MR opioid prescribing

* Describe the experience and challenges of collaboration
between clinical and research teams using separate data
sources and data extraction pipelines

Methods

Existing Infrastructure

University College London Hospitals NHS Foundation Trust
(UCLH) has used the Epic electronic patient record (Epic
Systems) since 2019. During this time, parallel data sci-
ence infrastructure has been developed to facilitate the use
of routinely collected patient data for secondary research,
both extracted directly from the Epic data warehouses and
from a separate research-ready platform in the Observational
Medical Outcomes Partnership (OMOP) common data model
(CDM) format [16,17]. These data sources are supported
by the Experimental Medicines Application Platform, which
facilitates access within existing UCLH IT security frame-
works [18]. Version-controlled software for this infrastructure
above is publicly available where privacy and intellec-
tual property considerations permit [19,20]. Project-specific
analysis code is publicly available on GitHub [21].

Study Design

We analyzed data for all patients undergoing elective surgery
between March 31, 2019, and June 20, 2025, identifying new
MR opioid prescriptions in the postoperative period and at
hospital discharge. Patients aged <18 years on the date of
admission, those with no interoperative or inpatient medica-
tions, those undergoing procedures under local, topical, or
regional anesthesia, and those who had not been discharged
by the study end date were excluded. New prescriptions were
identified based on the absence of a pre-existing medication
prescription in the admission drug history. Analysis was
performed using R software (version 4.4.1; R Foundation for
Statistical Computing), with counts and proportions presented
[22].

To reflect on the provision of data and validation of
differing data sources, clinical teams and research teams met
to discuss their requirements. Iterative cycles of development
of the data pipeline were undertaken and reviewed in these
meetings, and vignettes were captured for issues of clinical
validation.
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Ethical Considerations

This project builds on research infrastructure designed
and implemented for a research program on perioperative
analgesic use. The wider research program was granted ethics
approval via the UCLH Data Access Process for Research
(Integrated Research Application System ID 299136). The
data extraction and analysis for this specific study were
performed under a service evaluation registration #136) to
provide rapid feedback to the opioid stewardship team on
historical and current use of MR opioid medications in this
cohort. The data were deidentified. There was no requirement
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for informed consent, and no compensation was provided to
participants.

Results

Data Analysis

A total of 126,882 elective surgery encounters were identi-
fied during the study period, of which 102,879 (81.1%) met
the eligibility criteria (Figure 1). Patient characteristics are
described in Table 1.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram.

All elective
surgical encounters (N=126,882)

Adult surgical encounters
(n=116,293)

M

Identified anesthetic medication records
and inpatient medication prescriptions
(n=110,196)

Age <18 years
(n=10,589)

No inpatient medication prescriptions
n=545)

No anesthetic
» medications administered
(n=5552)

Operation performed under

local or regional anesthesia only
(n=7313)

Encounters receiving anesthetic medications
(n=102,883)

Not discharged at
the time of data collection

Eligible encounters
(n=102,879)

Table 1. Patient and encounter characteristics (n=102,879).

(n=4)

Characteristics

Patients

Age (years), mean (SD)
Sex, n (%)
Female
Male
Missing data
Gender, n (%)
Female
Male
Other
Choose not to disclose
Missing data
Ethnicity, n (%)
Asian, Asian British, or Asian Welsh
Black, Black British, Black Welsh, Caribbean, or African
Missing data

Mixed or multiple ethnic groups

52.17 (17.44)

53,965 (52.5)
48,900 (47.5)
14 (<0.1)

4668 (4.5)
3569 (3.4)
33 (<0.1)

20 (<0.1)
94,589 (91.9)

7995 (7.8)
7228 (7)
23,182 (22.5)
2377 (2.3)
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Characteristics

Patients

Other ethnic group
White

American Society of Anesthesiologists grade, n (%)

[ R S

Missing data

Surgical specialty, n (%)
Breast surgery
Ear, nose, and throat
General surgery
Neurosurgery
Obstetrics and gynecology
Oral and maxillofacial surgery
Orthopedic surgery
Other
Pediatric surgery
Thoracic surgery

Urology
Vascular surgery

6310 (6.1)
55,787 (54.2)

18,659 (18.1)
58,713 (57.1)
23,987 (23.3)
712(0.7)
5(<0.1)

803 (0.8)

1995 (1.9)
11,684 (11.4)
11,285 (11)
9254 (9)
15,494 (15.1)
8334 (8.1)
11,846 (11.5)
1685 (1.6)
221(0.3)
3306 (3.2)
26,734 (26)
1041 (1)

Between 2019 and 2025, 7.3% (n=7525) of encounters were
associated with a postoperative prescription for MR mor-
phine or oxycodone, representing n=7081, 8.8% individual
patients. In 6.9% (n=7144) of the total encounters where an
MR opioid was prescribed, there was no preoperative MR
opioid prescription associated with the patient. Overall, 2.4%

(n=2438) of encounters received a new MR opioid prescrip-
tion on discharge from hospital.

When analyzed over time, overall prescribing rates had
decreased prior to the MHRA notification; however, use of
these medications continues (Figure 2).

Figure 2. Bar chart showing the annual number of admissions where patients in which patients were administered a new modified-release (MR)
opioid during admission (blue bars). Annual admissions in which patients were prescribed a new MR opioid at discharge are shown by the yellow
bars. The red line indicates the percentage of total eligible admissions with new MR opioid prescription at discharge. The total number of eligible

admissions for each year is shown above the bars.

Plot of total elective surgical cases per year
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Experiences of the Implementation

The pivotal benefit of the integrated data infrastructure was
the speed from MHRA notification to understanding and
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New MR opioids prescriptions at discharge

response. Study design, submission of the data access request,
and sourcing the data were easy and rapidly performed,
allowing multiple stages to progress in parallel. In this
case, results were prepared within 4 weeks of the initial
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publication, allowing early engagement with the opioid
stewardship team to co-design and implement digital and
educational interventions to reduce MR opioid prescribing.

The availability of automated extraction of data in a direct
Epic format and OMOP CDM format allowed for a broad
range of data. This facilitated collaboration between clinicians
and research teams through a shared understanding of the data
and opportunities therein. Prior to this study, the clinical team
highlighted that they had been requesting data on MR opioid
use for more than 9 months to no avail, whereas during this
period, this feature has been built out in the research dataset
for wider perioperative research.

Cross-validation of variables proved a challenge, exposing
several “analogous” variables between different data views
and formats that were calculated in differing ways or from
differing sources and thus not equitable or equivalent. This
required much work to trace data lineage and ensure that
variables were indeed comparable between formats. One
such example was the mislabeling of a specific fentanyl
prescription, used for boluses in recovery, as the medica-
tion type “morphine sulphate.” Examination of the medi-
cation administration record showed that the drug-to-dose
relationships appeared correctly; however, when calculating
oral morphine equivalence values, a systematic error was
introduced by the automated matching of the fentanyl dose
to the conversion value of 3 for morphine (as opposed to 0.2
for fentanyl) [23]. The impact of this error was difficult to
trace given the wide range of possible routes to extract and
calculate metrics, such as oral morphine equivalence, across
different analysis pipelines. This highlighted the need to
ensure harmony and equivalence between the values viewed
by clinicians built-in electronic health record (EHR) tools, the
values extracted by business intelligence teams from EHR
data warehouses, and the values generated by researchers
using data extracts (such as the OMOP CDM).

Another significant issue was raised about the record-
ing of total intravenous anesthesia. The charting of regular
intraoperative medications and total intravenous anesthesia
medications differed within the EHR interface, leading to
different approaches to extract the data across different
pipelines and, consequently, different summed values for the
total dose of remifentanil from the same anesthetic charts,
depending on the data pipeline used.

Discussion

Summary

In this report, we demonstrate how existing digital and
electronic patient record infrastructure can be used to rapidly
respond to medication safety reports and changes in medica-
tion licensing.

Developing a shared infrastructure to support both
secondary research using patient data and rapid audit and
quality improvement evaluations is a foundational component
of modern LHS, for which there are good examples in the
literature [15,24 ,25].
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Our work used an existing research data infrastructure
for examining perioperative analgesic strategies to rapidly
evaluate patterns of MR opioid prescribing and highlight
problem areas for targeted intervention. Establishing a
dedicated set of tools to extract, transform, clean, and
store data, known as a data pipeline, and analysis work-
flow for perioperative analgesia, was highly efficient as it
could be used to evaluate the success of future interven-
tions to reduce prescribing and facilitate “active monitoring,”
allowing long-term surveillance of prescribing practices.

Despite the range of data extraction pipelines available
to research and information teams, generating hypotheses
and evidence still requires extensive discussions with clinical
teams. Even with steps designed to smooth this process,
several clinical teams remain dependent on either built-in
EHR reporting tools (which offer limited data granularity
and customization) or custom data requests from clinical
data analysts (a resource-intensive approach with limited
generalizability). The 9-month wait for data requested on
MR opioids by the clinical team, while related work was
already being undertaken within the research team, highligh-
ted gaps in data access, data quality, and the “siloed” working
practices common across large health care organizations [26].
Furthermore, cross-team communication is essential to ensure
that lessons on data quality and validation are cascaded across
different pipelines to avoid diverging datasets and ensure
comparability.

From March 2025 to March 2026, there were 4 other
MHRA safety public assessment reports with recommenda-
tions for prescribers of valproate, fluoroquinolone antibiot-
ics, isotretinoin and gabapentinoids, benzodiazepines, and
z-drugs [27-30]. While this report focused specifically on MR
opioids in the perioperative context, the need for high-qual-
ity prescribing and administering data that are structured,
validated, and accessible is vital for designing solutions to
current and future patient safety alerts.

Implementing digital LHSs requires both technological
and analytical maturity to facilitate rapid responses to
changing evidence on treatment safety and effectiveness.
Furthermore, it requires an organizational culture in which
clinicians with subject matter expertise can work closely with
informatics and implementation science experts to success-
fully improve care. To fully realize the principles of an LHS,
we must ensure that data are easily accessible to the teams
requiring it most.

Limitations

The study cohort was derived from a single large teaching
hospital in London. The population is reflective of the patient
cohort in London and may have limited generalizability to
MR opioid prescribing patterns in other contexts. Although
the extraction of preadmission medications was accurate with
respect to the EHR data, a number of publications have
highlighted possible inaccuracies in the underlying quality of
medication reconciliation processes [31,32].
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Conclusions electronic patient records should foster close connections
between data science teams, business intelligence teams, and
clinicians to curate and analyze their high-quality data to
improve care.

We have shown how routinely collected electronic patient
data may be used to evaluate a national medication safety
alert and identify priority areas for further interventions.
Our data pipeline works alongside Epic and, therefore, is Further work will focus on establishing the generalizability
relatively provider-agnostic. Hospitals with comprehensive —and broader applications for the infrastructure developed.
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